Abstract. Boron stabilised carbanions can be ma& through the use of highly hindered diarylboranes. Some reactions of the anions so produced are discussed. A spin-off of this work is the production of some stable mono and diarylboranes which hold great promise as reagents of general application. In a similar fashion, highly hindered and very stable alkyldiarylhydroborates are now available for selective reductions.
I entered the field of hindered diarylorganoboranes due to my interest in extending the chemistry of organoboranes to the chemistry of boron stabilised carbanions.
In Table 1 are shown the results of calculations of the stabilisation energies of alkyl [1,2] and alkenyl carbanions [3] adjacent to first row elements. In each case the stabilisation peaks at boron. The stabilisation by a carbonyl group is calculated [2] to be comparable to the stabilisation by an isoelectronic boron atom, and on this basis boron stabilised carbanions should be intermediates of synthetic significance in organic chemistry. Table 1 calculated Stabilisation Energies (kJ moP) for qX-S-1 and x-(-) 
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I decided to use the base induced a-deprotonation of organoboranes to produce the required carbanions. This meant that the formation of organoborates had to be discouraged either electronically or sterically (or both) and in order to take advantage of the rich chemistry of organoboranes a steric hindrance approach was first adopted [41. Initial experiments soon showed that both the organoboranes and the bases had to be highly hindered if success were to be achieved, and we therefore developed the reagents and methodology shown in Figure 1 . With minor modifications the methodology shown for the dimesitylboryl series applies to both the other sets of compounds.
The reactions of bases with alkyldimesitylboranes were then investigated, and a typical study is shown in Figure 2 . In practise mesityllithium is our base of choice as it is more generally applicable than lithium dicyclohexylamide and gives only an innocuous hydrocarbon as side product. Mesityllithium is readily available and is of general application as a very hindered base without p-hydrogen atoms.
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Figure 2
With boron stabilised carbanions readily available, it was now possible to study their physical and chemical properties. An X-ray study [5] of Mes2BCH&i showed a shortening of the C-B bond to that approximating to the length calculated for a C=B, whilst n.m.r. studies showed that the rotational barrier around the C-B bond of the anions approximates to that of the isoelectronic B-N bond [6] .
The chemical studies were initiated with a study of the alkylation of dimesitylboryl stabilised carbanions, the results of which are shown in Figure 3 [4]. Mes2BCH3 MesLi, Mes2BCH2LI a Mes2BCH2R
Figure 3
These reactions provide general syntheses of primary and secondary alcohols in good yields. However, although the production of ten-alkyldimesitylboranes was surprisingly easy, the release of the tert-alkyl group by oxidation became very difficult, even under forcing conditions. For this reason we developed the @MP),BR series in which electrophilic attack is switched from the extremely hindered boron atom to the aromatic group, as shown in
This solvolysis is an extremely easy process, and consequently the DMP group provides a link between the highly hindered boranes and dialkoxyboranes from which boron stabilised carbanions cannot be made [8]. The product alkyldimethoxyborane can then, of course, be readily oxidised to the corresponding alcohol or otherwise manipulated.
The reactions of Mes,BCH&i with metal halides provides a series of metallated dimesitylbarylmethanes (Figure 4) , each with a rich chemistry of its own [9]
The reactions with epoxides show that steric factors dominate the position of the attack of the carbanions, Overall the reaction gives ready access to 1,3401s [lo] (equation 2).
Steric control of the reactions of dimesitylboryl stabilised carbanions is further illustrated by the reactions of the anion derived from allyldimesitylborane ( Figure 5 ). In all cases attack is entirely at C-3, to yield the corresponding trans-alkenylborane. This leads to very efficient t h r e carbon homologation reactions as well as to a lactol synthesis [ll] . 
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Perbps the most important reactions that we have discovered in this area involve the condensations of boron stabilised carbanions with aldehydes and ketones. The reaction expected was the production of alkenes according to euuation 3.
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We first 1121 examined the reactions with symmetrical diarylketones so that no stemhemical or enolisation problems would arise.
Our results were very satisfactory and are shown in Table 2 Benzaldehyde was then examined as a representative aromatic aldehyde. Under the same conditions as used for the ketones no akene was produced. Lowering the temperature gave rise to some alkene but always less than 50% and always accompanied by ketone, PhCOCqR, and alcohol PhCHOHCqR. Our explanation for these products is given in Figure 6 .
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Despite the low yields it was encouraging that the alkene was almost entirely E-akene, in conttast to both the Wittig [13] and Peterson [14] reactions. We had in fact hoped that the reaction would be stemselective to give E-akenes on the basis of the shorter B-0 and B-C bond lengths in a presumed cyclic intermediate as compared with the corresponding P-0 and P-C and Si-C bond lengths (pigure 7). 
Figure 7
In order to gain some insight h t o the structure of the intermediate that yields alkene, it was decided to cany out some low temperature oxidations using alkaline hydrogen peroxide. This reaction always proceeds with retention [15] and the structure of the l&diol produced would then correlate directly with that of the intermediate. We had expected that the cyclic intermediates that give E-alkenes would also give rise to fhreo-1,Zdiols. In fact, we obtained the erythro isomers!! It also turned out that this is an efticient and unique process which gives good yields of l,2-&ls even in those cases that gave no alkene at all [16] (equation 4).
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To explain these results we must assume firstly that the initial condensation is highly stereoselective and secondly that the intermediates in this reaction are not oxaboratetanes that undergo syn elimination but instead are acyclic and undergo anti elimination (Figure 8 ). An alternative, though unlikely explanation is that the B-C bond is oxidised with inversion of configuration. 
Figure 8
In order to check the nature of the intermediate, it was decided to trap it, and after some experimentation a procedure using low temperature addition of trimethylsilyl chloride was evolved [17] .
The products proved to be stable and isolable and a study of their n.m.r. spectra showed clearly that they had the eryfhro configuration, confiiing the inferences drawn from the production of diols.
Of particular interest was that the silylated intermediates were produced in high yields in all cases, even for those cases that had given little or no alkenes in the direct condensation.
It was therefore decided to use the silylated intermediates to attempt to produce alkenes.
In practise this was readily accomplished by the addition of aqueous HF in acetonitrile to either the isolated (procedure B) or non-isolated (procedure A) silylated intermediate.
The allrenc 80 prodwed was always >95%&allrene, which makes our procedure superior to any comparable condensations. Our interpretation of our results is shown in Figure 9 .
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Figure 9
We then wondered whether we could induce syn elimination from the initial erythro condensation products. An acylated intermediate might favour the required conformation due to attractive forces between the carbonyl oxygen and the boron atom.
A unique syn elimination akin to an ester elimination but involving the elimination of an acyloxydiarylborane, was envisaged ( Figure 10 ). In the event, addition of trifluoroacetic anhydride at low temperature yielded mainly 2-alkenes [17] .
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Figure 10
The situation as regards aromatic aldehydes is summarised in Figure 11 , which shows the flexibility and usefulness of the reactions.
We then examined the reactions of aliphatic aldehydes with boron stabilised carbanions [18, 19] , with the expectation of producing alkenes as in equation 5.
To our surprise, the condensation of octanal with either Mes,BCHLiHept or Mes,BCHLiProp using a wide variety pf conditions gave no alkene but only low yields of ketones HeptCOCX$Hept(Prop). These could hake arisen from a hydride transfer of the type shown in Figure 6 . To avoid this, either TFAA or Th4S chloride was added to discharge the anionic character of the intermediate.
However, either one of these reagents led to a strong enhancement of the yields of ketones and no alkene at all!! i, WAA ; ii, H~O 
Figure 12
Our hypothesis for the unexpected course taken by the reaction with TFAA is shown in Figure  12 , in which TFAA acts as a hydride acceptor and so does aifluoroacetaldehyde, the product of the first reduction. This explains the more than 50% yields of ketone in the unique and useful reaction outlined in equation 6 .
The first point to note is that when R1 is Hept or Prop, excellent yields of ketones result from condensations with MeCHO, RPMLCHO, R' CCCHO, R-CHO and ChxCHO. We assume that anions with alkyl groups higher than propyl will all behave similarly. As the alkyl chain attached to boron becomes short (c four carbon atoms) the course of the reaction is strongly affected. When R'=Et (exp. 11, 12) the yield of ketone is lowered and when R1=H, then only alkene is produced. This is an excellent method for the methylenation of aldehydes (equation 7 ) .
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It is clear that there is a fine balance between redox and elimination reactions that is affected by the length of the alkyl chain attached to boron. We do not know why this should be, but it may reflect the existence of the initial intermediate in either cyclic or acyclic forms. In any case, the use of a more powerful oxidant than TFAA was indicated, and after some experimentation, N-chlorosuccinimide was found to be suitable. Thus with the exception of R'=H, the process shown in equation 6 is a unique and general method for the direct conversion of aldehydes to ketones. When R'=H, then the general methylenation process of equation 7 results.
If the hydride transfer depends on the anionic character of the initial copdensation product, then neutralisation of the charge by a reagent that was not itself reduced should result in elimination to give alkene. Therefore the aldehyde was added together with a proton source [19] . We had previously [201 used water to control the polycondensation of an anion with an aldehyde and, subsequent to this work, a brief mention appeared of the use of acetic acid to control the stereochemistry of a Wittig reaction [21] . We further argued that a strong acid might yield a protonated intermediate that would orient itself so as to give anri-elimination (Figure 13) .
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Figure 13
We were pleased to find that condensation did occur, even in the presence of smng acids, and that the products are EalLenes in good Yields are moderate in most cases (sometimes due to isolation problems), but nevertheless the reaction is a unique and useful allene synthesis.
As an offshoot of this work we had access to a variety of hindered diaryboranes from which to produce novel hydroborating and reducing agents as shown in Figure 14 .
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Dimesitylborane (l), now commercially available, proved to be a most useful reagent that solved some selectivity problems that haddefeated any other borane [a]. The reagent slowly hydroborated ak-l-enes but hardly touched internal alkenes at room temperature. Reactions with internal or terminal alkynes were relatively fast and in competition experiments any alkyne was hydroborated in preference to any alkene, Thus the reagent is highly chemoselective. . Moreover, dimesitylborane proved to be the most regioselective of known hydroborating agents for the hydroboration of unsymmetrical internal alkynes ( Table 3 ). As such it is already finding a niche in organic synthesis. Our hopes of finding an even more selective hydroborating agent in ditripylborane (3) foundered on the fact that this compound proved to be the only known stable monomeric diorganylborane [25] . Unlike (l), compound (3) was very soluble in organic solvents, even light petroleum, but unfortunately proved to be one of the least selective of known hydroborating agents [26] ( Table 3) . It does however provide an interesting substrate for the study of the reactions of organoboranes. For example, hydroborations with (1) cannot proceed through an unsolvated monomer or else they would have a low regioselectivity, as evidenced by (3).
In contrast to thexylborane which must be prepared at low temperatures and used immediately Thus crystalline (2) had 93% of its original activity after 10 days at room temnerature, and a THP solution retained 76% activity after two weeks standing. For most purposes they can be used as replacement reagents for thexylborane but have some special ~r4ptxtks of their own that are not paralleled by thqylborane.
The first of these is that both tripylborane and mesitylborane are unique amongst organoboranes in that they hydroborate terminal alkenes in a stepwise fashion (ea. 9).
MesBH, dkHPCtb t MesBH(CH,),R A F'kHgCk6 b MesB[(CH,hd][(CH2)!#] (9)
The regiospecificity in the first step is >99% and it is quantitative in the second step.
Mesitylborane. can add two primary alkenes and also two secondary alkenes, without displacement of the hindered aromatic group. However, attempts to add cyclohexene to MesBH(Ipc) led to substantial displacement of a-pinene.
In order to prove that these hydroboration products could be of synthetic use it was necessary to test the migratory aptitude of the mesityl group relative to the various alkyl groups used. To do this we used the cyanoborate (cyanidation) process Our results show that indeed the mesityl group has the low migratory aptitude required for synthetic use. In no case could we detect any products derived from the migration of a mesityl group.
Both pdmary and secondary akyl groups migrate in preference to a mesityl (or tripyl) group.
The unique results of the use of either mesityl or tripylboranes is illustrated by the production of unsymmetrical linear ketones. This clearly greatly enlarges the scope of reactions such as the cyanidation of organoboranes. Cyclic hydroborations followed by cyanidation are illustrated in equation 11. The equivalent reaction with thexylborane also goes but gives a much less pure product, perhaps due to the initial hydroboration being less selective.
At this point the hydroboratiordcyanidation of limonene (equation 12) was attempted using mesitylborane, However this sequence, which was successful with thexylborane [30] , essentially failed with mesitylborane (3% yield). This is due to the greater facility of thexylborane, as compared with mesitylborane, for the hydroboration of more hindered double bonds, and defines at least one area in which thexylborane will retain its use.
We next examined the displacement of the aromatic group from hydroboration products and found two unusual and highly selective processes that further enhance the usage of mesitylborane. The first is illustrated in equation 13. Yields of alcohols are between 8247%. More importantly, the intermediate dialkylmethoxyborane can be reacted directly with a Grignard reagent to give a fully mixed organoborane, in which all the alkyl groups are primary, and which in turn can be readily converted to the corresponding carbinol [ 
31] (equation 14).
In the case in which RA=n-octyl, RB=n-hexyl, Rc=n-butyl, the overall yield of isolated carbinol, based on MesBH,, is 69%, an excellent yield given the seven steps involved.
A different method of releasing the mesityl or tripyl groups is through direct reaction with akyl or aryllithiums (equation 15). Cyanidation converts the product to the corresponding carbinol showing that there has been little, if any, scrambling of the alkyl groups. The mesityl group, presumably displaced as mesityllithium, is recovered as mesitylene (88%) on work-up.
MesB(Oct)(Hex)
BuB(oct)(Hex) -----C HOC(Bu)(Hex)(Oct) (1 6) We are currently beginning a study of the properties of compounds such as Trip,BHEt(ki(') [31] . These are extremely stable compounds, readily made either by the action of t-butyllithium or a metal hydride on the borane and in their reduction of substituted cyclohexanones they are highly stereoselective. They possess one very great advantage over, for example lithium Selectride, in that there is no need for an oxidation step, and the product borane is so stable that on aqueous work-up it can be recovered almost quantitatively in the light petrol fraction from a silica column. The boranes can also be used catalytically.
In the same vein we find very ready reductions of alkyl halides, the bromides and iodides in particular, to the corresponding alkanes with easy work-up and recovery of the borane. Other types of reduction will be reported in due course.
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reactions to enlarge both the theory and practise of organic chemistry.
It is clear that hindered organoboranes offer a wide variety of new reagents and
